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Figure S1. Systems TTD3'-A (A), TTD3'-G (B), N/A-A(C), and TTD5'-A (D)
. The protein is shown in cyan, the DNA construct in orange, the incoming nucleotide in ball-and-stick representation, and the TTD lesion or the corresponding normal thymines of the N/A-A system in licorice. The Mg 2+ ions are displayed as pink spheres. (E) The sequence, secondary structure, and domain information of Pol η, PDB structure 3MR3. The secondary structures were assigned by the STRIDE web server. 1 The key is as follows: Gray -turn or coil, green -β-sheet, purple -α-helix, blue -3-10 helix, red -isolated β-bridge. The domain information shown in color-coded sequence was obtained from Dr. Wei Yang of the NIH via private communication. It is in line with their domain descriptions in Ref. 2 , where magenta represents the palm, orange represents the finger, cyan represents the thumb, and black represents the little finger domains.
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Protocol for Obtaining the Charges for the TTD, dATP, dGTP residues with RESP
The atomic charges for the TTD residue and the free nucleotides dNTP, with "N" either A or G, were obtained using the restrained electrostatic potential (RESP) method. 3, 4 The transferable nature of the AMBER force fields was utilized in that the atomic charges of the deoxyribose and the phosphate groups were kept as they are in the AMBER libraries for DNA except for the C1' atoms of the sugar rings.
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The H-capped C1' atoms and the TTD were treated as a new entity, on which RESP calculations were carried out ( Figure S2 ).
Geometry optimizations were performed on the molecule shown in Figure S2 at HF 6   ,   B3LYP   7 , M06L 8, 9 , and MP2 10 levels of theory in conjunction with the 6-31G* basis set 11 in the gas phase using the Gaussian 09 suite of programs. An almost identical optimized structure was obtained from all of these optimizations. Utilizing the HF-optimized geometry, atomic charges were produced to fit the electrostatic potential at points chosen according to the Merz-SinghKollman scheme. 12, 13 These charges were optimized with an in-house code over two steps. In the first step, the charges on the more electronegative oxygen and nitrogen atoms were optimized Figure S2 . RESP charges were obtained for this molecule consisting of the thyminethymine dimer and the C1' atoms that connect the dimer to the deoxyribose sugars. The H atoms shown in red cap this entity in the geometry optimizations and RESP calculations.
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while keeping the charges on all other atoms identical to the AMBER charges. 5 In the second step, the charges of the oxygens and nitrogens were fixed to their optimized values from the previous step, whereas the charges on all other atoms were optimized. In this step, equivalencies were defined for the atoms that are not in the immediate vicinity of the cyclic region of the molecule. The charges on the three hydrogens of the methyl groups were also set to be identical.
Note that the charges on the C1' atoms were fixed to their AMBER values throughout the procedure. The charges on the capping hydrogens were adjusted to ensure that the total charge on the rest of this neutral molecule would be [2 + (the total charge on the two sugar rings and the phosphate groups as they are found in the AMBER libraries)]. The bond, angle, and dihedral parameters were obtained using the parmchk2 utility of the AmberTools13 employing the ff10 force field parameters.
The quality of the RESP charges determined for the TTD base piece ( Figure S2 and QM dipole moments was 1.00 after normalization, indicating that these dipole moments are oriented in the same direction.
The dATP and dGTP molecules were treated similarly to obtain their RESP charges. This approach was also utilized by Meagher et al. in previous work for calculating the RESP charges S5 of the ATP molecule. 14 The charges on the triphosphate were re-optimized, while the AMBER charges were employed for the adenine base and the deoxyribose sugar. The triphosphate was capped with a methyl group to yield the molecule shown in Figure S3 with a molecular charge of 4. Figure S3 . RESP charges calculated for the atoms shown in black in the dNTP (N=A or G) molecule. The methyl group shown in red serves as the capping group.
The optimized structure was obtained from Meagher et al., 14 and the atomic charges were computed to fit the electrostatic potential at points selected according to the Merz-SinghKollman scheme. The total charge on the capping group was set equal to the total charge of the 3'-end deoxyribose and the base, either A or G, whereas the charge on the C5' atom was chosen to be identical to the charge of C5' in a 3'-A or 3'-G nucleotide in the AMBER libraries for DNA (nucleic12.lib). For phosphorus and oxygen atoms, the atom types introduced by Meagher et al. 14 were adapted, and equivalencies for the terminal oxygens on the first, second, and third phosphorus atoms were defined. Unlike the TTD case, all of these RESP charge optimizations were performed at the same time. The bond, angle, and dihedral parameters gathered with the aid of the parmchk2 tool of AmberTools13 15 using the ff10 AMBER parameters and were combined with the parameters acquired by Meagher et al. in the previous work on ATP.
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Additional Remarks about Structure Preparation
The topologies for the TTD3'-A and TTD3'-G simulations were based on the PDB structure 3MR3, the N/A-A topology was based on the PDB structure 3MR2, and the TTD5'-A topology was based on the PDB structure 3SI8. The missing residues in each of these crystal structures were filled in with Schrödinger's Maestro program. 16 The glycerol molecules, the second free nucleobase, and all waters except the one bound to one of the Mg Figure S6 . Surface areas for the residues involved in the nucleotidyl addition reaction, D13, M14, D115, and E116 (denoted with "rxn center"), and the residues interacting with the DNA around the active site, F18, Q38, Y39, I48, R61, S62, K86, L89, Y92, and R93 (termed "active site"). These data have been extracted from the first MD trajectories for each system. Color scheme: 1/red represents residues that move in an anticorrelated fashion (i.e., opposite directions) and 1/blue represents residues that move in a fully correlated fashion (i.e., same direction). TTD5'-A  D13, M14, D15, C16, F17, F18, V19, Q38,  K40, G46, I48, A49, V50, Y52, R55, R61,  A87, L89, R93, S113, I114, D115, E116,  K231, S322, K323, N324, R371, L378,  M421, F423  Consensus active site  D13, M14, D15, C16, F17, F18, V19, Q38,  Y39, K40, G46, I48, A49, V50, Y52, R55,  R61, S62, W64, A87, L89, R93, S113,  I114, D115, E116, K231, S322, K323,  N324, F325, P326, R371, L378, M421 Table S3 . RMSF values determined for the dNTP molecule and the TTD/TT motif from all MD trajectories. The italicized RMSF values for the N/A-A system correspond to the thymine that does not form base-pairing interactions with the dNTP molecule. The average RMSF for each system is given in bold. The greatest mobility for dNTP is observed in the TTD3'-G system, which includes a dGTP instead of a dATP, and the greatest mobility for the TTD/TT motif is observed in the N/A-A system, which does not include a TTD. 
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